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Abstract Smith-Magenis syndrome (SMS) is a multiple
congenital anomaly/mental retardation syndrome
including physical and neurobehavioural features. The
disease is commonly associated with a ca. 3.7 Mb
interstitial deletion of chromosome 17p11.2, while a
1.1 Mb critical region has been identiﬁed, containing
about 20 genes expressed in multiple tissues. Haploin-
suﬃciency of one of them, RAI1, seems to be responsi-
ble for the neurobehavioural, craniofacial and
otolaryngological features of the syndrome, but not for
short stature, commonly seen in SMS patients with
chromosome deletion, implying the role of other genes
in the 17p11.2 region. Growth failure is a ﬁnal result of
several diﬀerent mechanisms involving decreased growth
hormone (GH) production, reduced tissue response to
GH, or impaired activity of epistatic factors. To our
knowledge, the association of GH deﬁciency with SMS
has never been reported and rarely investigated, despite
the very short stature of SMS patients. We describe a
girl with a full SMS phenotype and a typical 3.7 Mb
deletion of 17p11.2 who also has GH deﬁciency. After
starting replacement therapy, growth has signiﬁcantly
improved, her stature being now above both the 10th
percentile and her genetic target. Conclusion: We sug-
gest that an investigation of both growth hormone
secretion and function is carried out in patients with
Smith-Magenis syndrome and 17p11.2 deletion.
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Introduction
Smith-Magenis syndrome (SMS, OMIM 182290) is a
multiple congenital anomaly and mental retardation syn-
drome including physical, neurodevelopmental, and
behavioural features [2,8]. The facial appearance is
characterised by a broad square-shaped face, brachy-
cephaly, prominent forehead and mid-face hypoplasia;
micrognathia is present in infancy changing to relative
prognathism with age. Eyes are deep-set with up-slanting
palpebral ﬁssures, the nose is short and full-tipped, the
mouthhasdown-turnedcornersandaﬂeshyevertedupper
lip with a ‘‘tented’’ appearance [1]. Gradual height and
weight deceleration of post-natal onset is observed and
short stature, small hands and feet and brachydactyly are
the norm. Scoliosis, hearing loss and other otorhinolar-
yngological problems, including vocal cord nodules and
polyps, and ophthalmological defects, especially strabis-
mus and progressive myopia, are common. Hypercho-
lesterolaemia, which may require medical treatment, is
found in about 70% of patients [21]. Mild ventriculomeg-
aly of the brain, and cardiac and renal abnormalities are
observed in 33% of patients and hypothyroidsm and
immunoglobulin deﬁciency in 20% to 25%. All patients
havesomelevelofcognitive impairment,mostlymoderate,
and expressive language is signiﬁcantly impaired [19].
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Infantile hypotonia with feeding diﬃculties is observed in
most children.Marked hypersomnolence is noted in early
infancy, shifting at about 2–4 years of age to the typical
SMSpattern of sleep disturbanceswhich include diﬃculty
in falling asleep and frequent and prolonged night-time
awakenings [20]. Other distinctive behavioural features of
SMS are attention deﬁciency, hyperactivity, frequent
outbursts, temper tantrums, aggression towards self and
others, and stereotypies [19].
SMS is associated with an interstitial deletion of
chromosome 17p11.2, the majority of patients having a
common ca. 3.7 Mb deletion, ﬂanked by large, highly
homologous, low copy repeats [16]. These repeats are
deﬁned as proximal and distal SMS-REPs (SMS-REPP
and SMS-REPD), while a third copy repeat, designed
middle SMS-REP (SMS-REPM), lies between them with
an inverted orientation. Homologous recombination
and unequal crossing-over between the SMS-REPP and
SMS-REPD represent the mechanism responsible for
the common deletion and the reciprocal duplication.
Some SMS patients have smaller or larger sized
deletions and molecular analysis of ten patients with a
diﬀerent deletion from the common one allowed the
delineation of a ca. 1.1 Mb SMS critical region
(SMSCR) [3]. The discovery of three individuals with
phenotypic features consistent with SMS, but without
any ﬂuorescence in situ hybridisation (FISH) detectable
17p11.2 deletion, led Slager et al. [17] to identify three
diﬀerent truncating mutations of the RAI1gene. In all
cases the mutation was de novo conﬁrming that
haploinsuﬃciency of RAI1is responsible at least for the
neurobehavioural and craniofacial features of the
syndrome.
Adequate function of the growth hormone (GH)
pathway is essential throughout childhood to maintain
normal growth and bone maturation. While most cases
of GH deﬁciency are idiopathic, a few single gene
disorders, as well as a variety of other genetic disorders
and syndromes, are associated with deﬁciency of GH or
with its impaired activity [5]. In this context GH deﬁ-
ciency can be caused by alteration in the GH gene [13],
in genes that aﬀect the response to GH [26] or in other
loci through epistatic eﬀects [25]. To our knowledge, the
association of GH deﬁciency with SMS has never been
reported and GH secretion and bone age have been
rarely investigated in these patients [10,18], despite their
very short stature.
Here we describe a girl with a full SMS clinical
phenotype and a typical 3.7 Mb deletion of chromosome
17p11.2 who also has GH deﬁciency and whose growth
velocity dramatically improved after starting GH
replacement therapy.
Case report
Our patient, a girl, was born in 1994 to non-consan-
guineous parents. Her father died at the age of 41 years
due to drowning; he had been diagnosed with brain
astrocytoma at the age of 36. The mother and a 4-year-
old sister are healthy.
During pregnancy, ultrasound examination demon-
strated a mild intrauterine growth retardation and at
birth (40 weeks of gestation) the girl’s weight was 2730 g
(3rd–10th percentile), length was 48 cm (25th percentile)
and head circumference was 32.5 cm (3rd–10th percen-
tile). Gradual height and weight deceleration had been
noted since the age of 1 year. First tooth eruption was at
12 months and the anterior fontanelle closed at 24
months of age. When the girl was 5 years old, height had
fallen to the 3rd percentile, growth velocity was
3.4 cm/year ()3 SD) and bone age was retarded (2.5
years). A partial GH secretion deﬁciency was demon-
strated (GH peak: 6.68 ng/ml after arginine adminis-
tration and 1.7 ng/ml after insulin tolerance test) and
replacement therapy was started (0.2 mg/kg per week in
six doses administered subcutaneously at bedtime).
Early neuromotor milestones were achieved almost at
the expected times (independent walking at 18 months),
while language development was signiﬁcantly retarded
(at the age of 3 years, DQ was 78.8 on the Griﬃths
Developmental Scale). The girl also had mild hypotonia,
swallowing diﬃculty and food textural aversion.
Behavioural disturbances had been present since early
infancy and escalated with age. They consisted of temper
tantrums and outbursts, attention deﬁcit, hyperactivity,
self-injurious and stereotypic behaviours (particularly
hand and nail biting and teeth grinding). Sleep distur-
bances improved greatly after starting therapy with
acebutolol and melatonin [6]. During the ﬁrst years of
life, she exhibited occasional absence-like episodes and
at the age of 7 years, during a bout of high temperature,
she had seizures. Since the ﬁrst months of life, she had
suﬀered from recurrent otitis media and respiratory
infections and has a selective IgA deﬁciency.
On our ﬁrst clinical examination at the age of 7 years
(Fig. 1b), height was 114 cm (10th percentile), weight
was 17 kg (3rd percentile) and head circumference was
48 cm (far below the 3rd percentile). The girl presented
with brachydactyly, an unusual gait on tiptoe, Brown
syndrome of the right eye, mild astigmatism, and hoarse
voice. She also had some dysmorphic features: mild
up-slanting of the palpebral ﬁssures, slight low-set and
marked protrusion of ears, full-tipped nose, ﬂeshy
everted upper lip with ‘‘tented’’ appearance and slight
micrognathia. On otolaryngological examination, mild
bilateral conductive hypoacusia and a left vocal cord
nodule were found. Brain MRI scan, echocardiography,
renal ultrasound examination, vertebral column radi-
ography and evaluation of thyroid function gave normal
results. Repeated analyses (the last one at the age of 8
years) of blood triglycerides, cholesterol, LDL and HDL
were always normal. After starting GH replacement
therapy, growth velocity was 9 cm/year (+3 SD) in the
ﬁrst year and 8 cm/year (+2.5 SD) and 6.7 cm/year
(+1.4 SD) during the 2nd and 3rd years respectively. At
the age of 8 years and 3 months, her height was slightly
above the 10th percentile (122.5 cm), and higher than
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her genetic target for height (156 cm) (Fig. 2), span was
120 cm, upper/lower segment ratio was 1.16, while head
circumference was around the 3rd percentile (50 cm).
Materials and methods
Routine and high resolution chromosome studies were
performed on phytohaemagglutinin-stimulated blood
cultures by standard techniques. FISH analysis was
carried out on chromosome preparations obtained
from the patient’s lymphoblastoid cell lines. BAC clones
of 17p11.2 were selected from NCBI and UCSC web
sites (http://www.ncbi.nlm.nih.gov/ and http://geno-
me.ucsc.edu/) and purchased from the Childrens Hos-
pital Oakland (BAC-PAC Resources), or provided free
by the YAC Screening Centre (Dibit HSR, Milan, Italy),
and Dr. M. Rocchi (http://biologia.uniba.it/eca/). The
commercial probe for the SMS critical region was
purchased from ONCOR (Gaithersburg). The probes
Fig. 1 a Patient at age 1 year
showing a characteristic broad
square-shaped face and
prominent forehead. b By 7
years, her general appearance
seems to have changed and the
girl only shows some SMS
facial dysmorphism such as a
full-tipped nose and a ‘‘tented’’
mouth appearance
Fig. 2 Growth curve of the
patient. The bar above the 97th
percentile indicates the duration
and dosage of GH replacement
therapy. Bone ages are
indicated with an ‘‘x’’ at the
end of a horizontal line from
the actual age. The ﬁrst
evaluation of bone age was at 5
years (growth between 4 and 5
years was nil). Genetic target
(GT) is at the 10th percentile
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were labelled by nick-translation with digoxigenin-11-
dUTP (Roche Mannheim, Germany). The analysis was
performed according to Lichter and Cremer [11] with
minor modiﬁcations.
Results
Chromosome analysis after high resolution banding,
performed when the girl was 7 years old, revealed a
heterozygous interstitial deletion of the short arm of
chromosome 17 (17p11.2) in all the analysed metaphases
(Fig. 3). The mother had a normal karyotype; the father
was unavailable for testing.
The involvement of the SMS region in the proband’s
deletion was conﬁrmed by FISH experiments with the
D17S258 SMS probe (Oncor) and a panel of contiguous
region-speciﬁc BACs that gave a signal on one chro-
mosome 17 only in all the analysed metaphases (data not
shown). The centromeric deletion breakpoint was map-
ped within the SMS-REPP by FISH with RP11 218E15
(centromeric to the SMS-REPP [12]) that showed the
presence of two signals (Fig. 4a), and RP11 121A13
(telomeric to SMS-REPP and mapping within the
Fig. 3 Cutout of the normal and the deleted (arrowed) chromo-
somes 17
Fig. 4 FISH characterisation of
17p11.2 deletion breakpoints.
a RP11 218E15, centromeric to
SMS-REPP, gives two
distinguishable hybridisation
signals. b RP11 121A13,
telomeric to SMS-REPP, gives
a signal of diminished intensity
( arrowed) indicating that the
centromeric deletion breakpoint
maps within SMS-REPP.
c RP11 92B11, mapping within
SMS-REPD, shows a signal of
diminished intensity (arrowed).
d RP11 209J20, telomeric to
SMS-REPD, gives signals on
both chromosomes allowing
location of the telomeric
breakpoint within SMS-REPD.
e The diagram shows the map
(not to scale) of chromosome
17p11.2 with the placement of
the FISH clones used to deﬁne
the deletion breakpoints. The
arrows represent the orientation
of the SMS-REPs
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LCR17pC [23]) that showed a diminished signal on the
deleted chromosome 17 in comparison to the normal
homologue (Fig. 4b). The telomeric deletion breakpoint
was located within the SMS-REPD by FISH with RP11
92B11 (mapping within the SMS-REPD [12]) which
gave a signal of diminished intensity on the deleted
chromosome 17 (Fig. 4c) and RP11 209J20 (telomeric to
the SMS-REPD [23]) which gave signals on both chro-
mosomes 17 (Fig. 4d). Our reﬁned FISH study allowed
us to establish that our patient had the common 3.7 Mb
deletion located between SMS-REPP and SMS-REPD
(Fig. 4e).
Discussion
The patient we describe here is an 8-year-old girl with a
3.7 Mb deletion of chromosome 17p11.2, as observed in
more than 90% of SMS patients. Her behavioural
phenotype completely overlapped that observed in the
syndrome. She had some facial dysmorphism strictly
resembling that observed in SMS [1], namely a full-
tipped nose and ‘‘tented’’ mouth, even if her general
appearance seemed to have changed over the years, now
lacking the characteristic broad square-shaped face,
brachycephaly and prominent forehead (Fig. 1a,b). She
lacked fasting lipid proﬁle abnormalities and skeletal
problems, both present in about 70% of SMS patients
[21]. Orthopaedic manifestations of SMS have recently
been revalued by Spilsbury and Mohanty in 22 patients
[22]. They found that all the subjects had short stature
with projected mean height of 143 cm when skeletally
mature. At birth, our patient had a length of 48 cm (25th
percentile), but since the age of 1 year gradual deceler-
ation of height had been noted and, by the age of 5
years, her height had fallen to the 3rd percentile. Bone
age was also delayed and an isolated partial GH secre-
tion deﬁciency was demonstrated before the diagnosis of
SMS was accomplished. After starting GH replacement
therapy, growth has signiﬁcantly improved and now the
girl’s height is above both the 10th percentile and her
genetic target (Fig. 2).
To our knowledge GH deﬁciency and delayed bone
age have never been reported in SMS, but they have
been very rarely investigated [10,18]. The necessity of a
good co-operation of patients and families and
prolonged times to complete GH secretion testing may
have led to the exclusion of this analysis from study
protocols of SMS patients. On the other hand, if the
diagnosis of SMS is made in early childhood, short
stature can be regarded as a feature of the syndrome and
thus not further investigated. Interestingly, one patient
with 17p11.2 duplication has been reported having GH
secretion deﬁciency [15].
It is probable that growth failure is a ﬁnal common
result of several diﬀerent mechanisms involving
decreased GH production, reduced tissue response to
GH, or impaired activity of regulatory factors. GH
deﬁciency has been demonstrated in chromosome dele-
tion syndromes and implied in the pathogenesis of the
associated short stature [7,14]. In a series of 33 subjects
with the 18q syndrome, Cody et al. [4] identiﬁed a region
of approximately 2 Mb that was deleted in every GH
insuﬃcient patient. They pointed to one gene included in
this region, the galanin receptor 1, as candidate gene for
the GH insuﬃciency phenotype, due to its hypothalamic
involvement in GH regulation. No such genes, known to
be important in growth, have been identiﬁed to date in
the 17p11.2 region. The SMSCR contains about 20
genes widely expressed in multiple tissues [3]; haploin-
suﬃciency of RAI1seems to be responsible for the
neurobehavioural, craniofacial and otolaryngological
features of the syndrome. However, the three SMS pa-
tients with RAI1mutations do not have short stature,
implying that haploinsuﬃciency of another or other
genes in the 17p11.2 region is responsible for this clinical
feature in SMS patients with a chromosome deletion.
Investigations of GH metabolism in children with
chromosome deletion syndromes, such as SMS, might
uncover novel mechanisms and new genes involved in
normal and altered GH secretion and regulation path-
ways. This may also enhance the understanding of these
disorders and suggest potential treatment approaches.
GH replacement therapy has proved beneﬁcial in our
patient, possibly reducing also her risk of hypercho-
lesterolaemia and hypertriglyceridaemia as observed in
adult GH deﬁcient patients [24]. Similarly, in Prader-
Willi syndrome, GH administration has been shown to
improve body composition, sleep quality and pulmonary
function [9]. Therefore we suggest that screening of GH
secretion and function is carried out in other patients
with SMS and a 17p11.2 deletion.
Acknowledgements The technical assistance of Annamaria Lan-
franchi and Mario Battini is acknowledged.
References
1. Allanson JE, Greenberg F, Smith AC (1999) The face of Smith-
Magenis syndrome: a subjective and objective study. J Med
Genet 36: 394–397
2. Allen AJ, Dykens E, Elsea SH, Finucane BM, Lupski JR,
Magenis E, Potocki L, Solomon B (2002) Smith-Magenis
Syndrome. In: GeneReviews at GeneTests: Medical Genetics
Information Resource (database online 1997–2003). University
of Washington, Seattle. Available athttp://www.genetests.org
3. Bi W, Yan J, Stankiewicz P, Park SS, Walz K, Boerkoel CF,
Potocki L, Shaﬀer LG, Devriendt K, Nowaczyk MJ, Inoue K,
Lupski JR (2002) Genes in a reﬁned Smith-Magenis syndrome
critical deletion interval on chromosome 17p11.2 and the
syntenic region of the mouse. Genome Res 12: 713–728
4. Cody JD, Hale DE, Brkanac Z, Kaye CI, Leach RJ (1997)
Growth hormone insuﬃciency associated with haploinsuﬃ-
ciency at 18q23. Am J Med Genet 71: 420–425
5. Cogan JD, Phillips JA 3rd (2001) Inherited defects in growth
hormone synthesis and action. In: Scriver CR, Beaudet AL,
Valle D, Sly WS (eds) The metabolic and molecular bases of
inherited disease, vol 3, 8th edn. McGraw-Hill, New York, pp
4159–4180
357
6. De Leersnyder H, Bresson JL, de Blois MC, Souberbielle JC,
Mogenet A, Delhotal-Landes B, Salefranque F, Munnich A
(2003) Beta 1-adrenergic antagonists and melatonin reset the
clock and restore sleep in a circadian disorder, Smith-Magenis
syndrome. J Med Genet 40: 74–78
7. Galasso C, Scire G, Boscherini B (1995) Growth hormone and
dysmorphic syndromes. Horm Res 44[Suppl 3]: 42–48
8. Greenberg F, Lewis RA, Potocki L, Glaze D, Parke J, Killian J,
Murphy MA, Williamson D, Brown F, Dutton R, McCluggage
C, Friedman E, Sulek M, Lupski JR (1996) Multi-disciplinary
clinical study of Smith-Magenis syndrome (deletion 17p11.2).
Am J Med Genet 62: 247–254
9. Haqq AM, Stadler DD, Jackson RH, Rosenfeld RG, Purnell
JQ, LaFranchi SH (2003) Eﬀects of growth hormone on pul-
monary function, sleep quality, behavior, cognition, growth
velocity, body composition, and resting energy expenditure in
Prader-Willi syndrome. J Clin Endocrinol Metab 88: 2206–
2212
10. Lacombe D, Moncla A, Malzac P, Mattei MG, Battin J (1997)
Smith-Magenis syndrome. Arch Pediatr 4: 438–442
11. Lichter P, Cremer T (1992) Chromosome analysis by non-iso-
topic in situ hybridization. In: Rooney DE, Czepulkowski BH
(eds) Human cytogenetics. A practical approach. IRL Press,
Oxford, pp 157-192
12. Park SS, Stankiewicz P, Bi W, Shaw C, Lehoczky J, Dewar K,
Birren B, Lupski JR (2002) Structure and evolution of the
Smith-Magenis syndrome repeat gene clusters, SMS-REPs.
Genome Res 12: 729–738
13. Phillips JA 3rd, Hjelle BL, Seeburg PH, Zachmann M (1981)
Molecular basis for familial isolated growth hormone
deﬁciency. Proc Natl Acad Sci USA 78: 6372–6375
14. Pivnick EK, Velagaleti GVN, Wilroy RS, Smith ME, Rose SR,
Tipton RE, Tharapel AT (1996) Jacobson syndrome: report of
a patient with severe eye anomalies, growth hormone deﬁ-
ciency, and hypothyroidism associated with deletion
11(q23q25) and review of 52 cases. J Med Genet 33: 772–778
15. Potocki L, Chen KS, Park SS, Osterholm DE, Withers MA,
Kimonis V, Summers AM, Meschino WS, Anyane-Yeboa K,
Kashork CD, Shaﬀer LG, Lupski JR (2000) Molecular mech-
anism for duplication 17p11.2 the homologous recombination
reciprocal of the Smith-Magenis microdeletion. Nat Genet 24:
84–87
16. Shaw CJ, Bi W, Lupski JR (2002) Genetic proof of unequal
meiotic crossovers in reciprocal deletion and duplication of
17p11.2. Am J Hum Genet 71: 1072–1081
17. Slager RE, Newton TL, Vlangos CN, Finucane B, Elsea SH
(2003) Mutations in RAI1 associated with Smith-Magenis
syndrome. Nat Genet 33: 466–468
18. Smith AC, McGavran L, Robinson J, Waldstein G, Macfar-
lane J, Zonona J, Reiss J, Lahr M, Allen L, Magenis E (1986)
Interstitial deletion of (17)(p11.2p11.2) in nine patients. Am
J Med Genet 24: 393–414
19. Smith AC, Dykens E, Greenberg F (1998) Behavioral pheno-
type of Smith-Magenis syndrome (del 17p11.2). Am J Med
Genet 81: 179–185
20. Smith AC, Dykens E, Greenberg F (1998) Sleep disturbance in
Smith-Magenis syndrome (del 17p11.2). Am J Med Genet 81:
186–191
21. Smith AC, Gropman AL, Bailey-Wilson JE, Goker-Alpan O,
Elsea SH, Blancato J, Lupski JR, Potocki L (2002) Hyper-
cholesterolemia in children with Smith-Magenis syndrome: del
(17) (p11.2p11.2). Genet Med 4: 118–125
22. Spilsbury J, Mohanty K (2003) The orthopaedic manifestations
of Smith-Magenis syndrome. J Pediatr Orthop B 12: 22–26
23. Stankiewicz P, Shaw CJ, Dapper JD, Wakui K, Shaﬀer LG,
Withers M, Elizondo L, Park SS, Lupski JR (2003) Genome
architecture catalyzes nonrecurrent chromosomal rearrange-
ments. Am J Hum Genet 72: 1101–1116
24. Vahl N, Jorgensen JO, Hansen TB, Klausen IB, Jurik AG,
Hagen C, Christiansen JS (1998) The favourable eﬀects of
growth hormone (GH) substitution on hypercholesterolaemia
in GH-deﬁcient adults are not associated with concomitant
reductions in adiposity. A 12-month placebo-controlled study.
Int J Obes Relat Metab Disord 22: 529–536
25. Wajnrajch MP, Gertner JM, Harbison MD, Chua SC Jr, Leibel
RL (1996) Nonsense mutation in the human growth hormone-
releasing hormone receptor causes growth failure analogous to
the little (lit) mouse. Nat Genet 12: 88–90
26. Woods KA, Camacho-Hubner C, Savage MO, Clark AJL
(1996) Intrauterine growth retardation and postnatal growth
failure associated with deletion of the insulin-like growth factor
1 gene. N Engl J Med 335: 1363–1367
358
